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1I N T R O D U C T I O N .
Without doubt the most important machine in use in soil 
excavation is the steam shovel. Its invention and perfection 
have made possible the swift and economical execution of seem­
ingly impossible undertakings. The low cost of mining iron 
ore, the success of such projects as the Panama and Suez ca­
nals, the rapid construction and low grades on railroad lines, 
the cheapness of clay products, such as brick, tile, and pot­
tery, are all to be attributed to the steam shovel. As a saver 
of time, labor, and money, it is invaluable to the engineering 
world.
The writer while employed by the Sanitary District of 
Chicago on the excavation of the North Shore Channel had oc­
casion to observe the variation in efficiency of steam shovels, 
and conducted an investigation to determine the causes involved. 
Variation of efficiency means variation of cost; and since cost 
is of the utmost importance, this thesis will deal chiefly with 
the cost of steam shovel excavation.
At first so many causes for the ‘variation in the output 
for steam shovels were found, that the task of investigation 
seemed highly comrlicatedj but a careful and systematic an­
alysis resulted in thp following classification of principal 
economic factors, viz; 1, Character of Material. 2, Quality 
and Price of Labor. 3, Time Lost. 4, Size of Shovel. 5, Size 
of Job. 6, Weather Conditions. 7, Width and Derth of Cut. A 
variation in any one of these factors will stamp its impress
oupon the output and unit cost, and in this thesis the writer 
has stated his conclusions concerning the effects and import­
ance of such variations. These conclusions are drawn from 
observation, and so far as the writer knows contradict no pre 
viously published treatise.
The plan of this thesis is to treat each of the seven i- 
tems in turn in a brief and simple manner and to back up all 
statements with data.
CHARACTER OP THE MATERIAL
Chief a m o n * the causes for variation in the output of 
steam shovels is the character of the material to he excavated.
jLIt would be absurd to presume that a steam shovel could load 
one kind of material as efficiently and cheaply as another.
The cost of loadin.a; rock is considerably more than the cost 
of loading eartt^and some varieties of rock are much more dif­
ficult to handle than others. Therefore the first necessary 
knowledge for the estimator is the kind and nature of material 
to be excavated. Rock will necessitate blasting and ordinarily 
a stronger dump-car; glacial drift will frequently require 
special anparatus for the removal of boulders; and in soft 
materials measures will bften be necessary to prevent cave-ins. 
To simplify the discussion of this subject we will use the 
following rough classification of materials: 1, Rock; Clay; 
5, Sand and Gravel; 4, Glacial Drift. For each of the four 
classes of materials tabulated data on several large jobs will 
be given.
1. Rock Excavation.
Rock varies widely in hardness and the harder varieties 
are extremely difficult to blast into small pieces. The unit 
cost of loading rock with a steam shovel increases much more 
rapidly with the size of the blasted chunks than with the den­
sity of the material. A large piece of rock may be an obstacl 
in dumping as well as in loading; and pieces too large and cum 
bersome for the dinner and dump-cars, render the steam shovel 
no longer the most economical method of excavation.
Another annoyance in rock excavation and a booster of 
unit cost is the occasional necessity of waiting for blasting. 
On a great many jobs it is the practice to blast only at cer­
tain times during the day; and on the days when the shovel is 
working well and the blasts are meager, there is considerable 
loss of time.
What is the capacity of a shovel loading rock? The fol­
lowing is taken from a typical page of the records of the main 
channel of the Chicago Drainage Canal, the first large under­
taking of tbe Chicago Sanitary District. On Section 15 an 
average of 1,184 cubic yards of hard limestone was loaded per 
day by two 55-ton 2-l/4-yard Bucyrus Bhcvels, working two 
shifts of ten hours each, which is equivelant to an average 
of 896 cubic yards 'per steam shovel per ten-hour shift. The 
maximum for one shovel per shift was 600 cubic yards. Ten- 
car trains were used, one dinky engine serving each shovel.
5Month No. of Cu. Yd. Total No.
in 1895. 10-Hour per Shovel of Cu. Yd.
Shifts per Shift. (Solid Measure)
May .............. 109 266 29,000
June..........  99 291 28,850
July........... 96 502 29,000
August.......... 102 310 31,800
Average per shovel per month= 14,700 cu. yd*(Working two shiftsper day )
The Pennsylvania Railroad, near Enoala, Pa., in lime­
stone averaged 650 cubic yards per 55-ton shovel per ten-hour 
shift for two months. The best month's output for one shovel 
working double shifts was 47,300 cubic yards. The rock in 
this case was comparatively soft.
The contrast in the output of these two examples proves
#
conclusively the importance of knowing the hardness of the rock 
to be excavated.
What is the cost of rock excavation? On Section 10 of 
the main channel of the Chicago Dainage Canal, a typical sec­
tion of solid limestone, the total cost of an output of 8,650 
cubic yards, for twenty-two days work in the month of Dec., 1894, 
was $7,346, which is equivelant to 85 cents per cubic yard.
This figure includes blasting, loading, disposal, and overhead 
charges.
In surface mining,particularly iron ore and coal, the 
steam shovel is very efficient, and the unit cost is reduced 
to a minimum for three reasons, viz: {1) The work is permanent, 
(2)The material is quite uniform, and (3) There is better or­
ganization. Table I gives excellent data for a steam shovel 
loading iron ore. Table II gives additional data on the out-
TABLE I.
RECORD OP 70-T0N SHOVEL 
LOADININO IRON ORE
AT IRONWOOD, MICH.
Date
No. of
47-ton 
Cars 
per day
No. of 
Cu. Yds. 
Loaded 
per day
Time
Worked
hours
Lost Time. min.
Moving
Shovel
Waiting for 
and Switching 
Trains
Miseel - 
laneous
June 11 74 1739 10 78 73 20
12 60 1410 10 66 67 100
21 56 1316 10 58 60 158
22 51 1199 10 48 106 110
25 40 940 10 52 53 210
30 48 1129 10 70 83 65July 3 58 1364 10 58 91 120
4 69 1621 10 54 42 142
6 70 1645 10 73 83 167
7 56 1316 10 68 66 195
8 81 1903 10 90 102 141
9 67 1574 10 65 69 147
12 62 1457 10 70 134 '97
13 64 1504 10 54 36 215
17 68 1598 10 64 140 101
19 69 1621 10 60 132 101
20 58 1364 10 56 188 83
Aug. 3 53 1246 10 69 148 140
4 66 1551 10 88 121 44
5 67 1574 10 94 99 165
6 80 1880 10 89 113 54
7 78 1883 10 84 89 94
9 85 1997 10 75 103 75
Total 1480 34776 230 1583 2219 2750
Average 64.3 1512 10 69 92.5 120
Cost of Direct Shovel Labor per day = $20.00
Average Cost of Loading — 1«32 cents per cubic vai (
TABLE II.
COST OP STEAM SHOVEL LABOR 
IN LOADING ROCK 
( 9 Jobs)
7.
!
Weight No. of Total Labor Cost Remarks
Location of Work of Steam Cubic Salaries of Loading
Shovel Yards of Shovel 1 Cubic
tons per day Crew Yard, cents —
D • L ♦ 5b W • R • R • Granite and
Hoptagong, N.J. 70 1200 $21.50 1.79 Earth mixed
Thornton, 111. 95 1200 18.50 1.49 Limestone
Thornton, 111. 95 840 18.50 2.53 «
Thornton, 111. 95 910 17.00 1.86 n
Soo St. Marie, Pottsdam
Mich. 70 495 20.00 4.04 Sandstone
D. L. & W. R.R.
Johnsonburg, 70 1255 23.00 1.86 Grani te
N . J .
J ohn s onbur.g, N . J 70 881 23.00 2.61 n
Coumbia, N. J. 65 358 21.50 6.00 Limestone
Chicago Drain­ • Hard
age Canal 65 396 21.50 5.43 Limestone
Average 1Cost per Cubic Yard------- —  3.07 cents
put and direct labor cost of a sbovel loading rock
2. Clay Excavation.
The most common material excavated by the steam shovel 
is clay, simply because the greater portion of the earth’s 
crust is comnosed of clay. Almost 90 per cent of the mat­
erial taken out of the North Shore Channel, connecting the 
North branch of the Chicago river and Lake Michigan at Wilmette, 
111., was classified as clay. Clay in its native bed usually 
contains enough moisture to give it considerable cohesion, 
and consequently stands with a nearly vertical face which per­
mits the dipper to be fully loaded at each stroke. Another 
advantage of the cohesiveness of clay is that the bucket may 
not only be filled but a considerable mass may pile up above 
its upper edge, which adds to its efficiency.
When clay is very moist and sticky, it is difficult and 
expensive to handle, since large chunks cling to the dipper and 
stick to the cars, thereby considerably delaying operations. 
Straw placed in the bottoms of the cars and a pole in the hands 
of a pitman will considerable reduce the difficulty. Table III, 
page 8, is a record kept by the author of the output of a 85-ton 
shovel for the month of August 1910, on Section 10 of the 
North Shore Channel. This month’s work was entirely in clay 
which wa3 quite easy to handle. The average of 1,069 cubic 
yards per day for the twenty-three days of work may be re­
garded as representative; and under similar conditions any 
65-ton shovel ought to do as well. An output of 1000 cubic yards 
of clay per day may be reasonably expected of a 65 to 75-ton 
shovel.
TABLE III .
REPORT FOR AUGUST, 1910.
OF
A 65-TON SHOVEL EXCAVATING CLAY
10.
SECTION 10 OF THE NORTH SHORE CHANNEL
Day 
of the 
Month
Number 
of Hours 
at Work
Nature 
of the 
Clay
Shovel at
Station No.
Distance 
Shovel 
Moved.ft.
Number of 
Cubic Yards 
Excavat ed
_______  II
1 10 Dry 182 52 80
s
890
2 10 ft 183 35 83 923
3 12 ft 184 34 99 12014 12 ft 185 42 108 12295 12 tt 186 40 98 1228
6 12 tf 187 20 80 1225
7 Sunday tt
8 ■ 12 Very Dry 187 86 66 10799 12 ft tt 188 56 70 116310 12 tt tt 189 25 69 1167
11 12 ft tt 189 95 70 1130
12 5 «f tt 190 26 31 368
13 11 If tt 190 80 54 96614 Sunday ft tt
15 12 ft tt 191 60 80 1128
16 Rain Moist
17 12 Almost Dry 192 75 115 1406
18 5 ft ft 192 95 20 302
19 13 Very Moist 193 53 58 894
20 Rain tt ft
21 N ft ft
22 12 Moist * 194 20 67 110423 Flooded Very Moist
24 n ft ft
25 12 ft »t 195 25 105 121826 12 Moist 196 02 77 127227 11 ft 196 55 53 120428 Rain «t
29 12 Almost Dry 197 30 75 122330 12 tt tt 198 15 85 122031 11 tt ft 198 98 83 1032
Totals 246 1646 24593
Prom table IV we find that the average cost of steam shovel 
labor in loading clay is approximately 2-1/4 cents per cubic 
yard. On Section 10 of the North Shore Channel the cost of the 
output for the month of August,1910,averaged cents per cubic 
yard for excavation and disposal. The cost of the direct shovel 
labor averaged 2.34 cents per cubic yard.
TABLE IV. .
COST OF STEAM SHOVEL LABOR 
IN LOADING CLAY 
(9 Jobs )
12.
Weight No. of Total Labor Cost
Location of Work c Steam Cubic Salaries of Loading Remarks
Shovel Yards of Shovel 1 Cubic
tons per day Crew Yard, cents
W. & L. E. R.R., . . .
Kent, Ohio 70 1450 $17.00 1.17 Mixed withSand
L# S# & M. S* R.R.,
Cleveland,Ohio 70 1360 21.50 1.58 Some Shale
Ore Stripping, •
Buhl, Minn. 95 990 20.00 2.02
111. Improvement, • - •
Co.,Deering,Ill 70 822 17.00 2.07
American Brick Co., •
Near Chicago,11!L 70 498 11.60 2.33
Chicago Brick Co., - •
Riverdale,Ill. 65 474 11.60 2.45 Heavy Clay
Ore Stripping, -* '
Buhl, Minn. 75 820 21.50 2.62 Boulders
American Brick Co., •
Chicago, 111. 55 320 11.60 3.62 Soft andSticky
North Shore Chan.; - ....
Chicago,111. 65 1069 25.00 2.34 Heavy Clay
Average Cost per Cubic Yard-----
3. Sand and Gravel Excavation.
In railroad construction where borrow pits are necessary 
the stea^ shovel proves its worth as an efficient excavator 
of sand and gravel; since sand has come into use as a preserv­
ative of ice; the steam shovel has found additional emnloyment; 
and the development of the concrete industry ha3 also played 
its part in the increasing necessity of the steam shovel.
When the material is unusually dry, heavy winds will make op­
eration very difficult. A good pressure stream of water played 
upon the material being excavated will considerably better con­
ditions. When sand and gravel are wet,digging is extremely 
easy. The dipper will be completely filled and a good out­
put is a result. On the whole dand and. gravel are the best 
of materials to handle. No preparation is necessary; moisture 
will not reduce the output; and boulders are very seldom en­
countered.
At the entrance of the North Shore Channel into Lake Mich­
igan at Wilmette, 111., considerable sand was excavated. At 
first an average of 1100 cubic yards per shovel per day was 
maintained, but the proximit?/ of the lake presented a diffi­
culty that could not be overcome. The porosity of the mater­
ial allowed the water to enter the pit, and pumps were resorted 
to. Finally it became necessary to comnlete the excavation 
with a drag line or dredge bucket. From Table V we see that 
the average cost of direct labor in loading one cubic yard on 
five widely different jobs is 1.84 cents. The remarkably low
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cost of 0.47 cents per cubic yard, attained by the Knickerbocker 
Ice Company, at Dunne Park, Tnd.,should be noted. It is to be 
doubted that an average output of 5500 cubic yards per day has 
ever been eaualled by any steam shovel.
4. Glacial Drift Excavation.
The North American Glacier in its recession deposited a 
thick strata of loamy soil. Since that time this strata has 
been deepened by the processes of decomposition. In the North­
ern States much railroad excavation, sewer trenching, and the 
surface cuts of many canals are through this strata of glacial
drift. Generally this material is merely classified as earth, 
driftGlacialAvaries considerably in consistency. Boulders, 
tree trunks, and roots commonly cause delays, and make work 
generally difficult. Frequently hooks and chains are necessary 
to remove these obstacles to excavationj and on this account 
glacial drift will not average as many yards as sand or gravel, 
although generally equally compact.
Dippers provided with teeth instead of steel lips are 
usually employed in this kind of excavation; and a large dip­
per is to be reccommended. In freezing weather it is important 
to clean and scrape the car bottoms at nivht,for glacial drift 
holds considerable moisture.
The output of a shovel workinv in glacial drift is gener­
ally greater than a similar shovel working in clay under like 
conditions. The comparison of the first and subsequent cuts 
of the canal will bear out this statement.
One of the largest excavations in glacial drift is the 
Sunnyside Yards of the Pennsylvania Railroad, on Long Island, 
New York. It was necessary to level off an area of several 
square miles and four steam shovels were set to this task of 
excavation. All the dippers were provided with Manganese
17
TABLE VI.
OUTPUT OF A 70-T0N STEAM SHOVEL
AT THE SUNNYSIDE YARDS, L. I.
FOR THE YEAR 1908
Excavation in Glacial Drift
Month
Total Days 
in Month
Number of 
Stormy Days
Total Days 
Worked
Actual
No.of Days 
Worked less 
All Delays
Total No. 
of Cubic 
Yards Ex- : 
cavated.
January 31 1 26 2 1 . 1 0 41,798
February 29 1 23 18.17 36,447
March 31 3 21 18.73 44,613
April 30 1 85 20.65 54,066
May 31/
30
1 25 21.58 44,461
June 0 25 23.28 43,198
July 31 0 26 22.38 40,199
August 31 0 1 1,591
September 50 0 0
October 31 0 25 18.64 38,537
November 30 0 25 13.92 32,895
December 31 0 24 17.35 40,565
Totals 366 7 246 195.80 418,481
TABLE VTI.
LABOR COST DISTRIBUTION OP SHOVEL EXCAVATION 
AT SUNNYSIDE YARDS, L.I. FOR JULY 15, 1909.
18
Men Loading Transporting Dumping Breaking Inciden­tal
Total
1 Engineer $5*00
1 Craneman 3.60
1 Fireman 2.40
1 Pitman 1.75
8 Pitmen 12.00
1 Coal Fasser 1.50
3 Locomotive
Engineers $7.80
3 Brakemen 4.50
1 Switchman 1.50
4 Laborers
blasting $6.00
1 Foreman 2.00
blasting
35 Laborers
dumping $52.50
3 Foremen 6.00
dumping
1 Superintend­
ent $6.00
Total Cost $26.25 $13.80 $58.50 $6.00 $6.00 $112.5!:
Cost per Cu.Yd. 1.84 0.97 4.10 0.56 0.42 7.89
cents
Percent 23.3 12.3 52.0 7.1 5.3 100.0
steel tipped teeth, and the organization of the wo^h was care­
fully planned. Tables VI and VII give a record of the out­
put and cost of excavation on this job.
Table VIII shows the average cost of direct labor in 
loading glacial drift to be 2.18 cents on four different jobs.
TABLE VIII.
COST OP STEAM SHOVEL LABOR 
IN LOADING GLACIAL DRIFT
20
(4 Jobs)
Location of Work
Weight 
of Steam 
Shovel 
tons
No. of 
Cubic 
Yards 
per day
Total 
Salaries 
of Shovel 
Crew
Labor Cost 
of Loading 
1 Cubic 
Yard, cents
Remarks
Sunnyside Yards 
Long Island,N.Y. 70 1705 $24.75 1.45 Favorable
Conditions
Sewer Excavation, 
Chicago,111. 70 569 21.50 5.78 Boulders
Sunnyside Yards, 
Long Island,N.Y. 70 1521 24.75 1.63
North Shore Chan., 
Chicago, 111, 65 1521 25.00 1.91 Easy Digging
Average Cost per Cubic Yard— ---------2.18 cents
QUALITY AND PRICE OF LABOR
In modern engineering construction the experienced con­
tractor looks for his profits in the labor column. The buying 
of materials in large quantities will nbt him a small profit, 
yet this profit would not make contracting worth while. In 
consequence the all important purpose of the enterprising con­
tractor is the development of a highly efficient labor system.
The following contrast shows markedly the possible var­
iance in the labor factor of shovel excavation. The actual 
cost of labor in loading one cubic yard of iron ore at Chis­
holm, Minnesota, on September 5, 1909 was only 0.79 cents;while 
on the Delaware, Lackawana, & Western R.R. cut-off near Col­
umbia, New Jersey, the labor cost for loading one cubic yard 
of soft rock on August 21, 1909 was 12.8 cents. Very sim­
ilar shovels were employed and each crew contained the same 
number of men. Of course allowance should be made for work­
ing conditions, yet no contractor or engineer would submit 
estimates that differed half as much as these.
Efficiency should commence in the superintendence. The 
quality and the amount of superintendence will greatly affect 
the cost of the work. By superintendence is meant not only 
the man in charge but the entire directing organization. The 
work in the iron ore country i s an example of what may he ac­
complished by good organization. The superintendent who can 
tell on observation whether it is more economical to use a 
ril’n^-car train than a ten-car train is the man who will make 
good. For the most efficient superintendence the executive
office should avoid as much as possible all detail work. One 
of the secrets of successful management consists in the find­
ing out who is inefficient, for the beat superintendent al­
ways "hails from Missouri". It is the superintendent who 
cultivates the habit of learning new methods that becomes a 
centenarian in experience before he i« thirty years old.
Operating the shovel requires skill and intelligence, 
so naturally successful shovel orerators are well paid. Too 
much emphasis can not be placed upon the importance of select­
ing skillful shovel engineers and cranemen. Indifferent a- 
bility in these two men frequently means a loss of money sev­
eral times the amount of their salaries. Moreover it is nec­
essary that three two men should work well together; that is 
they should be compatible. Nothing war 30 expensive or an» 
noying on a job of the writers experience as a. combination 
of an irate old German craneman and a joshing, jovial, fun-pro­
voking son of Emerald Isle.
A good feeling must- also exist throughout the entire 
shovel crew in order to secure efficient wofck. The success­
ful superintendent is well aware of this fact and avoids as 
far as possible a force of foreigners of different national­
ities. For the economical moving of the shovel and as a val­
uable aid in excavating, the pitman should be carefully chosen. 
Thej/ should speak one tongue and be energetic workers. It is 
customary to place the best worker in authority and perhaps 
pay him a little more.
The selection of labor for the collateral processes in 
shovel excavation must receive careful consideration. The
foremen of the dump gangs and track cre^s must be experienced 
in the wofck, and managers of menj for at the present day the 
prevalent shovel labor is the uneducated foreigner, and per­
fect control becomes absolutely necessary. Tbe "busbies" should 
be placed on the dump gangs, for dumping cars and leveling dumps 
requires considerable strength. Throughout the entire work the 
men must be made to realize that they are part of a great ma­
chine, and that their own delays will impede tbeir fellow work­
men.
Just as wheat, corn, and cattle vary in price, so we find 
fluctuations in the labor market. The average salary of a 
superintendent of shovel work is $150.00 per month, while the 
average pay of the common laborer on excavation work is 17-1/2 
cents per hour. Table IX gives a maximum, minimum, and aver­
age rate of wages of tbe shovel crew in this country. A com­
parison between tables IX and X shows that the Sanitary Dis­
trict of Chicago pav tbeir emnloyees well.
Competition in steam shovel excavation, as in nearly 
every othe^ line of work, will very materially increase the 
output and lower the unit coat. On one section of the North 
Shore Channel the addition of a second shovel increased the 
daily output of the first from 963 cubic yards to 1079, or 
12.2 per cent. The occasional offering of a reward fo1” tbe 
best days work will produce an enormous increase in the out­
put,and as a general rule the men will en,joy a good natured 
contest.
In order to secure the most work from a man it is nec- 
to giveessaryAhiTr a stronger incentive to do his best than the mere
23.
Occupation
Number of 
Observations Minimum Maximum Average
Engineer 41 $75.00 mo. $175.00 mo# $135,00 po.
Craneman 41 55.00 " 125.00 w 96.00 "
Fireman 38 50.00 " 87.00 * 62.00 "
Coal Passer 8 $1.40 day $1.50 day $1.47 day
Pitman 39 1.40 • 3.50 it 1.90 "
24
TABLE IX.
WAGES OP SHOVEL CREW
25.
TABLE X .
RATES OP WAGES
OP THE SANITARY DISTRICT OP CHICAGO
ON EXCAVATION OP SECTION 10
OP THE NORTH SHORE CHANNEL.
Average Number *
Employed Occupation Rate
During Aug. 1910
1 Shovel Engineer $150;00 per month
1 tt Craneman lOOiOO * "
1 " Pireman 70.00 " M
7 " Pitmen 22-1/2 d n hour
1 " Coal Passer 20 i■ "
1 " Track Laborer 20 4" "
1 " Watchman 22-1/20? " "
5 Dinkey Engineers $85.00 w month
5 " Brakemen 20 4 w hour1 ” Switchman 12-1/2 tt »
1 ” Sand Dryer 22-1/24. M »
1 w Watchman 22-1 /2 4 * ”
3 Dump Foremen ,30 / " "
35 " Laborers 20 0? " "
1 ** Car Repairer 22-1/2 4 " "
1 Track Foreman 25 4« "
10 w Laborers 20 4" M
2 Day Pumpmen 22-1/2 4 " »2 Night " 22-1/2 4" »
1 Blacksmith 35 4" ”1 ” Helper 22-1/2 4 " «
1 Superintendent $150.00 " month1 Timekeeper 75.00 w **
fear of discharge for incompetency. Take an interest in him. 
Use all possible means to prevent the memfrom getting in­
jured on the work. Investigate impartially all sources of 
dissatisfaction, and maintain justice. The men should be 
paid promptly and always on a regular pay-day; for no matter 
how sure the men may be of their pay, failure to meet them on 
pay-day affects the work badly. It may be economical to pay 
higher wages than the prevailing rate, for this attracts the 
best class of labor, and men will often do 10 per cent more 
work for 5 per cent more pay. Above all do not establish 
differential rates of pay for the same kind of work, as it 
is sure to be a menace to effective results.
LOST TIME.
Lost time is an expense that every shovel contractor and 
excavatinv engineer has worried over< and attempted to dimin­
ish. It is impossible to make steam shovel orerations con­
tinuous; delays are bound to o^cur. They mav be due to four 
sources, viz: 1, poor operation, 2, accidents, 3, moving of 
the shovel, and 4, waitinm for and changing of trains. The 
first two may be prevented while the last two are necessary 
evils.
Of course the efficiency of management and operation 
varies direotly with the quality of labor that has been em­
ployed; and consequently the better the quality of labor the 
less time lost. Very frequently there may be too few trains 
for the length and ^rade of haul, an^ the shovel mav >ave to 
remain idle on that account. That is poor operation. On 
Section 10 of the North Shore Channel the length of haul aver­
aged 2600 feet; and it was found that six trains of five cars 
each gave the greatest efficiency. Because of the steep grade 
of the track in leavinm the cut, only five three-yard cars 
were used per triin. ’Then excavation became so deep as to 
necessitate the use of a pusher on the up-grade, the shovel 
was occasionally forced to wait several minutes for a dump 
train.
Accidents may be due to breakages in the steam shovel it­
self or to interruptions in the collateral processes. Poorly 
laid track, wobbly dump cars, worn out dinkey engines, and
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careless switching and running are commonly responsible for 
the interruptions in the disposal department. On jobs of 
any considerable size a competent blacksmith should be em­
ployed, and a reserve equipment will prove to be a money saver. 
It is wise to keen on hand a supply of those parts that, wear 
out most rapidly, such as wire cable, packing, belts, gears, 
dinkey flues, etc.
Bad blasting is another common cause for delays in rock 
excavation. Preqently because of imperfect breaking the steam 
shovel is forced to remain idle while the rock under the buck­
et is blasted again. When it is necessary to stop and use 
hooks and chains to remove an especiallv large and trouble­
some rock, valuable time and good money are lost.
Of necessity considerable time is lost in moving the 
shovel. The average time of moving a shovel as determined by 
the Bucyrus Steam Shovel Comnany is seven minutes and fifty- 
nine seconds^ see diagram on page 29 )• The observations
were made during an entire day on fifty-one jobs. This time, 
however, may be reduced to a minimum by following the hints
of H. T. Dana given below: (Refer to diagrram on page 31.)
1. Just before moving, the last, dinner full will be 
taken from B. As this dipner is being filled runner gives 
one whistle signal to the pit gangfsix men in pit). Two men 
go to J A, and two to J B, and one man goes out to F on the 
rail clamp, and one to H on the rail clamp.
2. As soon as the dipper has swung to the left of the 
center J B is loose, and one of the men runs up the screw.
<3. One man "at J A puts his pole over the jack and gets 
ready to raise his jack block. Meanwhile the dipper is dumped 
at A.
4. Other man at J B now raises his jack block and is 
ready to move.
5. Dipper swings to tt>e right fa1’ enough past M to take 
the weight off of J A, which is immediately screwed up and
the block raised.
6. While runner is throwing in his moving clutch, one man 
at P is knocking loose rail clamp, and one man from J A,and 
one from J B pick up the chock and carry it forward to the new 
position.
7« Runner now moves shovel ahead* H knocks the clamp loose, 
P is meanwhile putting his clamp in the new position.
8. As soon as the shovel strikes the front chock, H puts 
his clamp on. The bucket is in the center position for this 
movement.
9. The jackmen J A and J B immediately screw down their 
jacks, and the first man to get his jack down gives signal to 
runner, who takes the first bucketful on his side. This enables 
on other side to get his jack well screwed down before bucket 
crosses center line again, working away at full speed.
For prevention of delays and convenience of running, a 
whistle code should b e ’established. This preforable to hand 
signals in that hand signaling requires a watchful eye, while 
a whistle signal code needs no especial attention. The follow- 
code was used with satisfaction on Section 10 of the North 
Shore Channel. A dash signifies a long blast and a dot a short 
one.
Pit crew get ready to move shovel.
___ ___ We need coal.
4
_______ We need water.
________ Stop work.
Superintendent’s Call.
___________ Ready to Blast.
Waiting for Cars.
SIZE AND KIND OF SHOVEL.
34.
For economical work, equipment proper in size and condition, 
and suitable in design is primarily required. The newest model 
is not always necessary, for late models usually command a 
higher price; but it is absolutely essential that the steam 
shovel should be of the right type and in good working con­
dition. For instance, it would be absurd to attempt to ef­
ficiently load rock in a 200-foot canal cut with a 25-ton 
shovel of 20-fobt radius and a one-yard dipper. Moreover 
it would be equally foolish to pi"ce a 155-ton shovel with 
a six-yard dipper, equipped with manganese steel tipped teeth, 
on building excavation. It is self-evident that for each 
piece of work there is economically on^ best type of equip- 
. ment(not necessarily one best manufacturer), and to handle the 
work cheaply it is necessary to have that type. Table XI > 
page 55 gives the sizes of shovels used on twenty-five jobs
with a characterization of the work. From-'this data it is*
evident that rock excavation demands the heaviest and strong­
est types. Practically the same weight shovel may be used 
for sand and mravel, glacial drift, or clay excavation. The 
table shows that a 70 to 95-ton shovel is to be recco^mended 
for work in rock, while a 55 to 75-ton shovel is to be preferred 
in the other three materials. Moreover a shovel working in 
sand should have a steel lipped dipper; while work in rock, 
clay, or glacial drift is best facilitated with a toothed 
dipper. Where a single narrow cut over eleven feet in depth
35.
TABLE XI.
SHOWING THE SIZE OP SHOVEL
USED ON VARIOUS JOBS
Weight Dipper
No. of of Capacity Characterization of the Work
Job Shovel cu. yd.tons _________ _ ______
1 65 3-1/4 Sand Excavation at Dune Park, Ind.
2 70 2-1/2 Fine Gravel; Kent, Ohio
3 70 3 Sand mixed with Earth; Gary, Ind.
4 70 2.66 Glacial Drift; Sunnyside Yards,L.I.
5 70 2 w " ; Western Ave.Sewer,CM.
6 75 2-1/2 Clay Excavation; Kent, Ohio
n 70 2-1/2 Clay Cut on L.S.& 11.S.R.R.,Cleveland,0f8 70 2-1/2 Clay with many Stumps; Kent, Ohio
9 95 3 Clay mixed with Iron Ore; Buhl,Minn.
10 70 2-1/2 Slag Excavation; South Deering,Tll.
11 70 2-1/2 Brick Clay Excavation; Chicago,111.
12 65 2-1/2 n M " ; Riverdale,Ill.
13 75 2-1/2 Clay mixed with Ore; Buhl,Minn.
14 55 2 Brick Cla Excavation; Chicago,111.
15 90 2-1/2 Ore Loading; Chisholm,Minn.
16 70 2-1/2 Soft Iron Ore; Amasa, Mich.
17 70 2-1/2 Hematite Excavation; Kichigamme,Mich.
18 70 2-1/2 Iron Oxe Loading; Hibbing, Minn.
19 95 2-1/2 w ' w ; Negnunee, Mich.
20 70 2-1/2 Granite and Porphory; Hoptogong, N.J.
21 95 2-1/2 Limestone; Thornton, 111.
22 95 2.3 i* « »
23 70 2-1/2 Shale and Limestone; Johnsonburg, N.J.
24 70 2-1/2 Granite; Roptogong, N.J.
-
in depth, in a material that will yiel^ a nearly vertical face, 
is required, a shovel provided with a long boo^ is adviseable.
A longer boo"- requires more time for eact swing* but under 
conditions Just cited one cut with a shovel provided with an 
extra long boom will take the place of two cuts wit^ a shovel 
of the ordinary 25-foot radius; and th° saving of time lost 
in shovel moving more than offsets the additional time re­
quired for each swing of the dipper. At this day a shovel is 
manufactured for every dort of excavation work. The cost of 
loading one- cubic yard of material by hand varies from 15 to 
22 cents, and in all uncramped excavation work this price can 
be bettered with some type of shovel. Fig. 1 is a photograph 
of a 1-1/4-yard revolving shovel used for street grading and 
building excavation. Because of its large broad wheels, it 
moves easily and comparatively swiftly; and revolving in a 
complete circle a large area is readily aocessible for excav­
ation. Fig. 2 s^ows a special 4-yard shovel,with a 40-foot 
boom, which is commended for a deep, narrow cut. For city 
work where smoke is objectionable, an electric shovel vas 
been designed and put on the market. Fif. 7> shows several 
types manufactured by the Thew Shovel Company of Lorain, Ohio.
It must be emphasized that onlv the shovel whirh is kept 
in good condition and constant repair can be relied upon for 
efficient work; and it is a very poor policy to permit a 
shovel to run on "three legs". If a shovel is kept in proper 
repair the depreciation in its value is affected by time alone, 
regardless of the work that it is doing. The working life 
of a steam shovel may be safely assumed at twenty years.
S hovelYa r d Traction4 Wa^n/?eor<2d/f74 Steers f n
f /g. a .
S pec/al 4 - Ya r d S hovel
Excavaf/oy o r Cc/f-ooS - Cover Socf/o/7 o f  Cafe A///
Mew far A Wafer Sayy/y
or
FIG. 3
-Y/tfiD Ele c th /c  Shovel.
Exco yof/of for Cor/cf(//f o f Fo//s, ft. Y. a/i</
X }
%  *%' f
FIG A
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Coriad/cr? Pac/f/cBy. 5Y<r/f/ef?
C e//ar E -jca w f/oo  or-
T'/g .7  
Thy: S tphm  Shovel /a/
Stripping Over-burden from Goal at Missionfield, 111.
r/G.a
Shovels whic* commenced work on the Chicago Drainage Canal in 
1895 were used through the completion of the North Shore Chan­
nel in 1910.
Two points nay he emphasized in conclusion. First a care- 
ful selection of the shovel for the particular work intended 
is all important?. Second, good care and continual repair will 
reduce the unit cost.
*
45.
TABLE XII
DIRECT LABOR COST OP LOADING IRON ORE 
FOR TWO DIFFERENT SIZES OF SHOVELS 
UNDER THE SAME CONDITIONS
Shovel No.
>
Weight
of
Shovel
tons
Men
Employed
Total 
Salaries 
per day
Average 
No. of 
Cu. Yd. 
per day
Cost of 
Loading 
1 Cubic 
Yard.cents
1. 70
1 Engineer 
1 Craneman $20•00 1520 1.52
2. 95
1 Fireman
6 Pitmen
1 Engineer 
1 Craneman 
1 Fireman
7 Pitmen
21.50 2728 0.79
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SIZE OF JOB.
There are three fundamental reasons why the unit cost 
of excavation decreases with the size of the job. First, 
transporting excavating eauipment, either by shinning or 
movinr under its own power, is as expensive as operation 
itself; and moreover is unproductive effort. A contractor 
undertaking a small job must give this item of moving suf­
ficient consideration, and must make his price fullv cover 
this cost. Furthermore it is found that a steam shovel suffers 
far greater depreciation and many more injuries in transporta­
tion than it does in operation. The total cost of labor in 
moving a 65-ton shovel from its housing, one and one-half 
miles, the last half mile of which was on a 15° upslope, was 
$315, distributed as follows:
Steam Shovel Crew------------- ft days-----$160.00
Foreman— ® $3.50-----------  " " ------ Eft.00
Eight laborers - @ $1.50------ ” " ------ 96.00
One t e a m ----@ $4,00----------w w ------ 32.00
Total----------------------------------$316.00
At another time it took the same crew thirty days to move 
this shovel six miles over broken country. A 35-ton Vulcan 
shovel was transported eighteen miles over a rough road in 
eighteen days at a cost ofl $35 per day. it is self-evident 
that the cost of transporting a light shovel is not so great 
as that of moving a heavy one. Shipping a shovel is equally 
expensive. To move a 65-ton shovel 100 yards ur a steep in­
cline and place it upon a flat-car, required ten men and a 
derrick for five days at a total cost of $266. The railroad
company charged $79.80, at the rate of m. cente per hundred, 
for a shipment of thirty miles. Unloading and moving to the 
site of work brought the total up to #402.80.
Secondly, a small job does not warrant the purchasing or 
leasing of such efficient equipment or the assembling of such 
hi«rh quality labor as is permitted by an undertaking of con­
siderable magnitude. On the Los Angeles water supnly project 
the hugeness of the work guaranteed the feasibility of a care­
ful and costly selection of labor and an expensive and im­
proved equipment. A rural contractor undertaking 10,000 yards 
of road excavation would not be justified in selling his ten- 
year-old 35-ton shovel and buying the newest and "ore efficient 
model of the revolving type; nor would he be wise in sending 
some distance for labor of a better quality. Train disposal 
is much cheaper than wagon disposal, but frequently a job may 
be so small as to forbid the expenditure for track, cars, and 
locomotives, or the work may be located in such a manner as 
to rrevent the installation of train disposal, as for example, 
building excavation in the heart of a city.
Thirdly, the efficient organisation and scheme that is 
likely to be attained on a large job is usually impossible 
on a small piece of work. This feature always receives great 
attention from the skillful modern manager. He undertakes it 
much in the same manner that a German professor attacks a prob­
lem in mathematics; but it is only after considerable time and 
many attempts that the best management and methods can really 
be ascertained. On a small piece of work uneconomical arrange­
ment may not be discovered until its completion; while on a
48.
TABLE XIII.
A COMPARISON OP COSTS 
OF PREPARATION,EXCAVATION AND DISPOSAL
49#
ON SEVERAL UNDERTAKINGS
Name of.Undertaking Total Number of 
Cubic Yards 
Excavated
Total Cost of 
Preparation, Excava­
tion and Disposal 
per cubic yard
Panama Canal 200,000,000 $0.45
Chicago Drainage Canal 40,000,000 0.29
New York State Barge 
Canal. Contract 10 B 88,140 0.75
North Shore Channel 0.20
Chicago Sewer Construc­
tion. V/estern Ave.Sewer 30,000 0.85
Relocation of W.& L.E.Ry. 
Kent, Ohio 697,000 0.25
Betterment of Roadbed 
Southern R . R. 830,000 0.17
D. L. & W. R.R. 
Netgong, N. J. 770,000 0.33
work like the Panama Canal experiments may he feasible to de­
termine the 100 per cent efficiency method. Again, on a small 
job the most economical depth of dimginm may not be possible; 
or the width of cut, as for example in sewer excavation, may 
be uneconomical. Furthermore cramped conditions may make the 
best method of attack and disnodal impractical.
TableXIII shows the effect of the size of the job on thee, 
total unit cost. The reason for the comparativelv high unit 
cost of excavation on the Panama Canal is the disadvantageous' 
location of the work, the amount of overhead charges, and the 
difficulties that the project presents.
50.
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WEATHER CONDITIONS.
Severe rains, heavy snowstorms, floods, and intense cold 
have.no respect for steam shovel oueration; and under these 
conditions work must be discontinued. Ordinarily laborers are 
. . unwillinm to work in anythin^ severer than a drizzle, and when 
iihe. dump gangs and traclc crews quit work, the shovel must shut 
down. Although laborers are paid only for actual working time, 
the shovel operators - cranemen, engineer, and fireman - , the 
dinky engineers, and managing force receive monthly salaries, 
and consequently a loss is a result of even a few hours of 
' idleness. Some months, some seasons, and some years we have 
more rain, more snow, and greater cold than during others, so 
an estimators task to reckon the probable idleness due to wea­
ther conditions is indeed a difficult one. In one instance 
the average number of working days in a month averaged out 
of a possible 26 for a period of four years. This, in the 
Writers opinion, is fairly steady work. Unforeseen contin-
’ i
gencies are frequently encountered in the way of weather sur­
prises. For example on the night of August IP, 1910, after 
a severe rainstorm the North Branch of the Chicago river 
flowed over the Foster Ave. dam into the uncompleted North 
Shore Channel and almost entirely submerged the steam shovel 
on Section 10. It was necessary to construct a new dam just 
back of the shovel and pump the water out of the pit before
I
excavation could be resumed. A lose of two d'ays work arid

the services of sixty laborers were necessitated. Such a sud­
den rise in the water level was unexpected at this time of the 
year, and the loss could not be attributed to negligence.
Weather conditions also have an effect on the output of 
the shovel. After a hard or long rain the output is often 
decreased by half, and consequently the unit cost of excav­
ation is doubled. Clay when moist is usually extremely sticky, 
and the task of the craneman becomes a difficult problem in 
that this moist material tenaciously adheres to the teeth and 
sides of the dipper, often necessitating several skillful 
bangs of the trap dipper bottom to make even a portion of the 
bucket’s contents fall into the dump-car. Dumping the cars 
of their sticky load also becomes a problem for study. One 
solution has been offered and seems to have found consider­
able favor. That is the placing of straw in the car bottom.
The only objection to this method is that considerable straw 
is required, and straw is worth 55 cents per bale. Dry, 
baked clay, on the other hand, is very easily and satisfactor­
ily handled with a heavy shovel. A glance at table III will 
show the effect of moisture in excavating clay. The varia- 
ti&n of cost and output with the rainfall in the Central 
Division of the Panama Canal is shown by the blue print op­
posite this page. It proves conclusively that when the rain­
fall is heavy the output is low and the cost is high.
Sand and gravel when well moist are more easily loaded 
than when dry. In the first place water acts as a cementing 
material for sand and gravel, and consequently after heavy
55.
rains the dipper is more fully loaded than during a dry spell. 
Secondly, very dry particles of sand and travel are blown 
about by the wind in rainless weather to the annoyance of the 
operators and to the detriment of the work.
It is self-evident that moisture and deep frosts have no 
effect upon the cost of rock excavation. On one job in rock, 
of the writer's experience, a large spring was encountered, 
necessitating a halt in shovel oneration until the flow could 
be properly taken care of.
Wet glacial drift is almost as easy for a steam shovel 
to handle as the dry material. It is not so gummy as the wet 
clay, and consequently does not stick so tenaciously. The 
variation in output of a shovel excavating glacial drift due 
to a heavy rainfall is hardly aoparent in any of the data 
collected by the writer.
Freezing weather has a marked effect upon the output of 
a shovel working in clay, sand or gravel, or glacial drift, 
in that the frozen material is harder to dig and load than 
the loose, but in only a small portion of this country is the 
ground ever frozen to any considerable depth or far back from 
the face of the cut. Furthermore, because of the sevenity 
of cold upon man and machinery, more mishaps occur in winter 
than in moderate and warm weather.
Weather conditions in New Mexico, Arizona, and Southern 
California are far more favorable for steam shovel excavation 
than in the vicinity of Chicago or New York.
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WIDTH AND DEPTH OP CUT.
The diagram on page 29 shows the average time required to 
move a shovel to be approximately eight minutes. These eight 
minutes are purely lost time. Therefore the aim of economic 
excavation is to reduce the number of moves to a minimum. To 
attain this end the shovel must excavate all material within 
its normal reach. The average radius of a 55 to 95-ton shovel 
is twenty-seven feet, making the average, economic, overall 
width of cut fifty-four feet. When this width is decreased 
the amount of time lost in moving is increased, and the unit 
cost is boosted a notch or two. It must be stated with em­
phasis that there is also danger in overreaching. Frequently 
difficulty will be experienced in raining a heavily loaded 
dipper whew the boom has been extended to its full length, 
and lost time is a result.
From the above discussion it is self-evident that a 
shovel employed in enforced narrow trench work, as sewer 
excavation, will not equal, the output of a shovel digging a 
cut of economic width, all other conditions beinr the same. 
This is plainly shown by TableXIV where the records of two 
shovels, the first employed in excavation on the main channel 
of the,canal and the second trenching for a pipe line lead- 
inr into the canal,_ are tabulated.
The most economical depth of cut for a shovel of twenty- 
seven foot radius is ten feet. An attempt to decrease or 
increase this depth will result in an increase of cost.
Often, however, on account of the unavoidable position of the
TABLE XIV.
RECORDS OF TWO 70-T0N SHOVELS 
DIGGING CUTS OF DIFFERENT WIDTHS
56.
No. of Weight A v e ra g e Average Average Total Cost ofShovel of W id th N o , Of No. of Salaries L o a d in gShovel o f  Cut. Moves Cu, Yd. of Shovel 1 C u b ictons feet per day per day Crew. Yard.cents
1. 70 5 0 9 . 1 1 1 0 3 § 2 3 .5 0 2 ,1 3
2. 7 0 19 1 7 .8 898 2 3 ,5 0 2 .6 2
TABLE XV.
RECORDS OP TWO 65-TON SHOVELS 
STRIPPING COAL BEDS 
WITH DIFFERENT DEPTHS OF CUTS
57.
No. of Weight Average Average Average Total Cost of
Shovel of Depth No. of No. of Salaries Loading
Shovel of Cut Moves Cu. Yd. of Shovel 1 Cubic
tons feet per day per day Crew. Yard.cents
1* 65 10 10 1206 #21.00 1.74
2. 65 6 15 1084 21.00 1.94
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disposal tracks on an upper * ledge, the depth of cut may be 
necessarily under nine feet in orde^ to facilitate easy load­
ing. With the new revolving shovels, which are especially 
used in light work, the disposal tracks may follow u^ the 
shovel frow the rear, thus making the economic depth possible 
in all instances.
Table XV gives a tabulated comparison of two shovels en­
gaged in stripping coal-beds at different depths; and the im­
portance of an economical depth is quite evident.
Prom the outline diagram preceding this page a fairly good 
idea may be had of an economical cut.
A summary of this discussion may be stated in one sen** 
tence. The unit cost of excavation is increased when there 
is any considerable variation from economic width and depth 
of cut.
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C O N C L U S I O N S .
I t  i s  one p ro b le m  t o  t a b u la t e  c o s t s  o f  c o m p le te d  w o rk , 
and a n o th e r  t o  s t a t e  w hat work o u g h t t o  c o s t .  In  o r d e r  t o  
a r r i v e  a t  a r e s u l t  f o r  th e  l a t t e r  p r o b le m , th e  w r i t e r  h a s  
s y s t e m a t i c a l l y  a n a ly z e d  a number o f  j o b s ,  o m i t t i n g  t h o s e  
w here ran k  i n e f f i c i e n c y  i s  e v id e n t  fro m  th e  f i n a l  a v e r a g e ,  
and c o m p ile d  T a b le  X V I . T h is  t a b l e  i s  th e  r e s u l t  o f  c a r e f u l  
i n v e s t i g a t i o n  and em b o d ies  th e  w r i t e r ’ s id e a  o f  a v e r a g e  e f ­
f i c i e n c y .  The m ost comm only em p loyed  s h o v e l ,  p r ic e d  a t  $ 1 4 ,0 0 0 ,  
h a s  b e e n  assum ed and th e  p r e s e n t  p r i c e s  o f  f u e l ,  o i l ,a n d  
w a ste  h a v e  b een  u s e d .
To sum m arize th e  m ain  p o i n t s  o f  t h i s  t h e s i s  th e  f o l -  
ow ih g  o u t l i n e  h a s  b e e n  p r e p a r e d .
I. Relative cost of excavation in the four kinds of materials, 
named in order of decreasing cost:
A. Rock.
B. Clay.
C. Glacial drift.
D. Sand and gravel.
IT. Big profits are realized from efficient labor and manage­
ment only; therefore,
A. It is better to pay a little more for labor and 
secure a higher efficiency.
I I I .  A shovel is actually employed but 45 percent !of the 
total working time, the lost time being distributed 
in the following manner:
A. Moving shovel---------—  15.5 percent
B. Waiting for cars-----■---23.8 w
C. Miscellaneous---------—  14.9 n
TV.Care must be made in selection of steam shovel for work 
intended, for
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TABLE X V I .
AVERAGE COST OP RUNNING A STEAM SHOVEL 
FOR ONE DAY.
D ig g in g .
Steam  s h o v e l , i n t e r e s t  and r e n e w a l--------------------------------- § 2 2 .4 0
S h o v e l e n g i n e e r ------ -------------------------------------------   5 .0 0
C r a n e m a n ------ -----------------------------------------------------------------------------------  3 ;  7 5
F i r e m a n --------------   2 .5 0
W a tc h m a n --------------------------------------------------------------------------------------- -- 2 ;  00
6 P i t m e n ------------------------------------------------------------------------------------------  9 .0 0
C o a l P a s s e r -----------------------------------------------------------------------------------  1 .5 0
2 - 1 / 2  T ons o f  c o a l ------------------------------------------------------------------  6 . 5 0
W a t e r , pum ping e t c .  ---------------------------------------------------------------- 2 .0 0
O i l ,  w a s t e ,  e t c .  ----------------------------------------------------------------------- 1 .0 0
§ 5 5 .  65
T r a n s p o r t in g .
L o c o m o tiv e s  and c a r s , i n t e r e s t  and r e n e w a l - -----------  3 8 .9 0
F u e l ,  o i l ,  w a s t e ,  e t c .  -------------------------------  2 0 .0 0
4  L o c o m o tiv e  e n g in e e r s  --------------------------------------------------------- 1 2 .0 0
4  Brakem en — -------------------------------------------  6 .0 0
T r a c k s , i n t e r e s t  and r e n e w a l - --------------------------------------------- 1 3 .4 0
9 0 .3 0
D um ping.
3 F o r e m e n --------------------------------------   7 . 5 0
2 7  L a b o r e r s ,  dum ping -------------------------------------------------------------  4 0 .5 0
S h o v e ls ,  i n t e r e s t  and re n e w a l --------— ---------------- --—  2 .2 0
5 0 . 20
O verh ead  C h a r g e s .
S u p e r i n t e n d e n t ------------- ----------------------------— — ---------------------  6 ;  0 0
T i m e k e e p e r -----------------------------------------------------------------------------------   2 . 7 5
E n g i n e e r i n g ----------------------- ---------— ------------------------------ -------------  5 , 0 0
1 3 .7 5
§ 2 0 9 .9 0
T h e se  f i g u r e s  a r e  f o r  a 5 5  t o  7 5 - t o n  s h o v e l  e x c a v t i n g  
i n  m a t e r i a l  t h a t  r e q u ir e s  no b r e a k in g  o r  b l a s t i n g .
An o u t u t  o f  1 0 0 0  c u b ic  y a r d s  w ou ld  p la c e  th e  u n i t  c o s t  
In  th e  n e ig h b o r h o o d  o f  21  c e n t s .
A. Heavier shovels are required for rock than for
clay, sand and gravel, or glacial drift.
B. Special types are required for narrow trenchwork,
huilding excavation, etc.
V. The larger the job the cheaper the unit cost of excavation,
for
A. Cost of moving shovel to sight of work becomes
a comparitively small item on a large job.
B. The gathering of better labor and equipment is
justified on a large job.
C. Experiments may be conducted on a larg job to
determine the greatest efficiency.
VI* Unfavorable weather means an increase of the unit cost 
of excavation.
VII. Uneconomical widths and depths of cut are to be avoided#
